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Failure Modes

Wind Basics

{| PRESSURE or SUCTION

Reactions
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Wall

Covering

Wall covering is an essential part of the first step
of the load path for wind. The wall studs can be
seen behind the failed wall covering system. The
failure could have been due to various reasons.
Approved wall coverings installed per code would
most likely have been able to withstand the
pressure of the wind. (Photo taken after windstorm
in Evansville, Indiana.)

Not all wall coverings are by themselves capable
of resisting code-required wind pressures (see

IRC Table R301.2(2)). This house was subjected to
an 85 mph wind. Failure could have been due to
multiple issues, including improper installation or
flying object damage. (Photo taken after windstorm
in Evansville, Indiana.)




Roof Diaphragm

The loss of sheathing compromises the strength of
the roof diaphrogm. It is likely that the complexaty of
the connection between the roof sheathing and the
step-down trusses has resulted in poor resistance to
negative pressure. (Photo taken ofter a tormado in
Fayetteville, North Carolina))




Roof-to-Wall Connections




Wall Bracing




Wall-to-Foundation Connection

A doser look at the foundation shows negligible
connection of the sill plate to the foundation.

The fraomer attempted to use nails to make this
connection; however the nails are mostly bent

at the tip and did not significantly penetrate the
masonry foundation walls. (Photo taken after a

tornado in Fayetteville, North Carolina.)




Bracing Failure During Construction
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rary bracing is one of the most critical issues facing tl russes - Bracing ‘
ry when it comes to construction safety. This Truss Te s
1g shows how critical diagonal bracing is when using ¢ e e

. for |lateral bracing as is typical on construction sites t Ziar Ay |

Ahvays Disgonatly Brace for Salety

'"TCA Warning Poster completes the educational infor
d at the jobsite to install and brace trusses safely. For ,,
ation on bracing contact WTCA or visit the WTCA wel

voodtruss.com.

Temporary Bracing
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FIGURE 1.8

Critical parts
and flow of the
load path

Load Path

o Windward recening wall carmes lkeod fo foundaobion of bottiom of wall and roof diaphrogm at jop of wall

a Connactions ot bofom and top of wall fransfer these loods info the foundation and diophrogm

[ 3] f or Roor diophragm corries load to bracing walls
0 Connactions betwean rooffloor and wall fronsfers load from diophrogm to bracing walls
B Bracing wall carries lood from diophragm fo foundation

B Transer of loods from the hr-:-:in:; walls to the foundation
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Braced Wall Design

* Buildings shall be braced in
accordance with

Braced wall lines

e

* R602.10 — Prescriptive, or
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 R602.12 — Prescriptive (circumscribed e sy :
rectangle) 3

. . . . Windward wa &l >

* |If prescriptive design not possible, a . P i

building, or portion thereof, use
engineered design

p Enter bra ed chI lin nto ioble toble ov d E
le gth of bracing eq ed cﬁong the braced w%ll li n:s

* Note: Cladding, fasteners must be
designed — IRC Table R301.2(2)

R602.10 12



Submittal Documents

* For buildings and structures utilizing braced wall design, and-wheretreguired-by
the-building-official; braced wall lines shall be identified on the construction

documents.

* Pertinent information including, but not limited to, bracing methods, location and
length of braced wall panels, and foundation requirements of braced wall panels
at top and bottom shall be provided.

* Forms, spreadsheets may be used to supplement information

* CLARITY + COMPLETENESS + ACCURACY

R106.1.3 13



Braced Wall Lines (BWL)

* Determines amount and location of bracing
* Straight lines, two perpendicular directions
e Spacing of braced wall lines — max 60 feet

* Required in each story

* Length of the BWL — R602.10.1.1

» Offsets along braced wall lines
* Do not misuse imaginary line (4’ offset)

R602.10.1
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Placement of BWLs
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Angled Braced Wall Line

BRACED WALL LINE 1
FRQJECTED —

CORNER ﬁ_-'—I--_FROJECTED LENGTH OF ER.&CII\IG_-'fI-_

NOTE: IF THEDIAGONAL WALL IS GREATER
THAN 8 FEET LONG, THEN IT MUST BE TREATED
AS A SEPARATE BRACED WALL LINE.
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R602.10.1.4
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Braced Wall Panels (BWP)

* Minimum length — from 16” to 10’, depending on the method used
* Location

* Spacing

e Quantity — R602.10.3

e Aggregate length

* Table values
* Adjust table values

 Compare aggregate length with code requirement

R602.10.2
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Locations Braced Wall Panels

10" KA 20" A 10 MAX
BWL 3 BWWL 2
<+
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BRACED WALL
CCPRNEL

NOTE: CONTINUOUS

SHEATHING METHODS

REQUIRE ALL FRAMED

PORTIONS OF THE BRACED ['=k
WALL LINE TO BE SHEATHED. L=

R602.10.2.2



Braced Wall Panels Uplift Load Path

* Provide uplift continuity at BWP locations — R 602.3.5 and R802.11

Minimum Number of Braced Wall Panels

 R602.10.2.3
* If BWL > 16 feet, two BWP any length

e If BWL < 16 feet:

* Two of any length OR
* Minimum one BWP equal to 48 inches

R602.10.2.1
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Required Length of
Bracing

* Spacing
* Traditional method — greatest length
* Note c —average length

* Multiply tabulated value by multiple
adjustment factors

* Use highest wall height along a braced wall
line

R602.10.3

TABLE R602.10.3{1)
BRACING REQUIREMENT S BASED ON WIND SPEED

+ EXPOSURE CATEGORY B
+ 30-FOOT MEAN ROOF HEIGHT MINIMUM TOTAL LENGTH (FEET) OF ERACED WALL FANELS

+10-FOOT WALL HEIGHT REQUIRED ALONG EACH BRACED WALL LINE®
+2 BRACED WALL LINES

. Methods
Ultimate
. , Braced Wall DWE, WSF, SFE, Methods
Design Wind . . .
Story Location Line Spacing Method LIE® Method GB PES, PCP HPS, | CSW3P, C5-G,
BV-W5F, REW,
PFH, FFC, C5-5FB°




Adjustment Factors

TABLE R602.10.3(2)
WIND ADJUSTMENT FACTORS TO THE REQUIRED LENGTH OF WALL BRACING

ADJUSTMENT

FACTOR™"®
ITEM ADJUSTMENT BASED STORY/ APPLICABLE
CONDITION [multiply length from
NUMEER ON SUPPORTING METHODS
Table R602.10.3(1) by

this factor]
1.00
1.20
1.50
1.00
1.30
1.60
1.00
1.40
1.70

Two-story

Exposure category tructure

Three-story
structure

ODlo|w|D)jo(w|0(0|W

R602.10.3




Adjustment Factors

Roof only

Roof eave-to-ndge Roof - 1 floor
height

0.90
1.00
1.10

Roof = 2 floors

Not permitted

R602.10.3




Adjustment Factors

Wall height

: Any story
adjustment - :

Number of braced
wall lines (per plan Any story
direction)*

Note c

R602.10.3

23




Adjustment Factors

~
-

Number of braced
wall lines (per plan

direction)®

=
2

4

=3

Fastened to the end
studs of each braced a
Top story only wall panel and to the ; D}}gg: ;‘C%P’}g?’

foundation or framing
below

Additional 800-pound
hold-down device

. . _— DWB. WSP, SFB.
Interior gvpsum board Omuitted from mnside face . PBS. PCP, I-IPS, cs.

fimish (or equivalent) of braced wall panels WSP. CS-G. CS-SFB

4 mches o.c. at panel
edges, including top
and bottom plates, and
all honzontal jomnts
blocked

Gypsum board
fastening

R602.10.3




Intermittent Bracing Methods

CONNECTION CRITERIL

M i n i m u m METHOD S, MATERIAL MINIMUM THICKMNE S5 FIGURE F-.asteners
Length 48” -

Intermittent
Br: E

cations: 7"
nchading t

penstration into shads
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Intermittent Bracing Methods

Length 16-40”

ABW
Altemate
braced wall

FFH
Portal frame with
hold-dovwms

Intermittent

Bracing
Methods

PFC
Portal frame at garape

Ses

Ses

Ses
Section Ba02.10.4.1

Section R602.10.6.2

Section RA602.10.6.3

26



Continuous Sheathing Method

C3-WSP
Continuously sheathed
wood structural panel

CS-Ch®
Continuously sheathed

Interior sheathing per

. a e z - LY ."i.h"' AXIENE
Table R602.3(1) or B602.302) Varies by fastener

wood structural pELlE]. Ses Method CS-WSP See Method CS.TVSP
adjacent to garage

Openings
Contmuous

%h!’&ﬂ.llﬂf_-‘ Continuously sheathed " See Section R602.10.6.4
Methods portal frame

1%;"long * 0.12" dia.

(for 1/, " thick sheathing)

CS-SFB? 1-
Confinuously sheathed |  mayimum 16
structural fiberboard stud spacing

i

L or ~iy, " for ' 1/, " lonz = 0.12" dia.
- i X 4 =

(for +/;," thick sheathing)
roofing nails or
mmon
1317 dia) nanls

R602.10.4.2
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Ends of Braced Wall Line CS

INTINUOUSLY SHE AT

CONTINUOUSLY SHEATHE LLINE

BRACEDWALL LINE

—BRACED WALL RANEL AT DEVICE—=| .R_ACEDW,.!.]_;_ PAMEL AT
END OF BRACED WALL LINE END OF BRACED WALLLINE

END CONDITION 1 END CONDITION 2

CONTINUOUSLY SHEATHI
BRACED WALL LINE
. = -

ONTINUOU SLY SHEATHED:

£ PANEL
— 45 MINIMUM BRACED WALL PANEL 10" MAX L FIRETEBRACED

AT END OF BRACED WALL LINE = WAl PANEL
* SEE REQUIREMENTS

END CONDITION 3 END CONDITION 4

CONTINUOUSLY SHEATHE

EBRACED WALLLINE REQUIREMENTS

Return panel: 24" for braced wall lines sheathed with
wood structural panels
32" for braced wall lines sheathed with
structural fiberboard

24" for braced wall lines sheathed with
wood structural panaels

32" for braced wall lines sheathed with
structural fibarboard

800 Ibs capacity fastened to the edge of the
DEVICE WALL PANEL braced wall panel closest to the comer and
END CONDITION 5 to the foundation or floor framing below

R602.10.7
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Minimum Length

TABLE RG02.10.5
MINIMUM LENGTH OF BRACED WALL PANELS

MIMIMUM LENGTH®
- {inches)
METHOD CONTRIBUTING LENGTH

[5ee Table RED2.10.4) ({inc:hes)

DWB, WSP, SFB, PBS, PCP, HPS, BV-WsP

Diouble zided = Actual
Single sided = 0.5 = Actual

SDC A B and C, ultimate
dezign
wind speed < 140 mph
SDC Dy, Dy and D=, ultimate
design
wind zpeed < 140 mph

R602.10.5
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Minimum Length

3
L¥]
4
=y

2
enmg height
.
5]

Adjacent clear op

s

CS-WSP. CS
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Contributing Length — Partial Credit

DWB, WSP, SFB, PBS, PCP, HPS

TABLE R&02.10.5.2
PARTIAL CREDIT FOR BRACED WALL PANELS LESS THAN 43 INCHES IN ACTUAL LENGTH

ACTUAL LENGTH OF BRACED CONTRIBUTING LENGTH COF BERACED WALL PANEL

WALL PANEL [inches)®

finches)

R602.10.5.2 31



Mixing Methods

E
Mixing intermittent & continuously sheathed

BWL to BWL Mlxmg intermittent methods X

M|X|ng intermittent & continuously sheathed
BWL to BWL Ll

Within BWL Mixing intermittent methods in a single wall line

Mixing continuously sheathed methods using
Within BWL wood structural panels only (Mixing CS-WSP,
CS-G, CS-PF, ABW, PFH & PFG)
Mixing an intermittent method on an interior
Within BWL portion & CS-WSP, CS-PF, and CS-G
on an exterior portlon of a wall line

BWL = Braced Wall Line, NP = Not Permitted.

R602.10.4.1
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Braced Wall Panel Connections

FULL HEIGHT BLOCKING
CONTINUOUS ALONG LENGTH
OF BRACED WALL PANEL

CONTINUOUS RIM
OR BAND JOIST

PERPENDICULAR FRAMING

8d @ 6"0.C. ALONG
BRACED WALL PANEL

-+—— BRACED WALL PANEL

3-16d @ 16" O.C.ALONG
BRACED WALL PANEL

PERPENDICULAR FRAMING

\

CONTINUOUS RIM FULL HEIGHT BLOCKING

OR BAND JOIST OF BRACED WALL PANEL

8d @ 6" 0.C. ALONG
BRACED WALL PANEL

BRACED WALL PANEL

3-16d @ 1687 O.C. ALONG
BRACED WALL PANEL

CONTINUOUS ALONG LENGTH

33



Braced Wall Panel Connections

CONTINUOUS RIM
OR END JOIST

8d @ 6"0.C.ALONG
BRACED WALL PANEL

BRACED WALL PANEL

3-16d @ 18" 0.C.ALONG
BRACED WALL PANEL

CONTINUOUS RIM
OR BAND JOIST

ADDITIONAL FRAMING
MEMBER DIRECTLY ABOVE
BRACED WALL PANEL

8d @ 6”0.C. ALONG
BRACED WALL PANEL

BRACED WALL PANEL

3-16d @ 16" O.C.ALONG
BRACED WALL PANEL

ADDITIONAL FRAMING
MEMBER DIRECTLY BELOW
BRACED WALL PANEL

FULL HEIGHT BLOCKING
@ 16" 0.C. ALONG
BRACED WALL PANEL

TOE NAIL 3-8d
NAILS AT EACH
BLOCKING
MEMBER

BRACED WALL PANEL

3-16d AT EACH
BLOCKING MEMBER

 ~—2-16d NAILS
EACH SIDE

FULLHEIGHT
BLOCKING @ 16" O.C.
ALONG BRACED WALL

34



Connections to Roof Framing

ROOF SHEATHING
EDGE NAILING PER
TABLE R602.3(1)

SOLID BLOCKING BETWEEN

RAFTERS ATTACHED TO TOP

PLATES WITH 8d @ 6”OC ALONG H TRUSSES
LENGTH OF BRACED WALL PANEL a NAILING PER

BRACED WALL TABLE R602.3(1)

LINE ——— PROVIDE VENTING
6'0"MAX PER SECTION R
(NOT SHOWN)

35



Connections to Roof Framing

ROOF SHEATHING

EDGE NAILING PER
TABLE R602.3(1) (TYP)

BRACING®
rVENTING

W // /////////-

AL

//A//_ M

i ALL SHEATHING
BRACING* : PRE-ENGINEERED BELOWNOT
BRACED WALL / | TRUSSES SHOWN

HNE NAILING PER
TR TABLE R802.3(1)

a. METHODS OF BRACING SHALLBEAS DESCRIBED N SECTION R802.10.2METHOD DW8, SFB, BG P8BS, PCP OR HPS

() SECTION .9 ELEVATION

36



Braced Wall Panel Joints

B Horizontal
Required b’?f:ed G « panel joints require
wall panels ™ | I~ attachment to blocking

2-inch
nominal
blocking

Horizontal /
panel joint

2-inch nominal
blocking required
at horizomtal
joints of braced
wall panels

Braced wall panel joints of
panel sheathing

R602.10.10
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N

le l»l ™ 24" maximum

BWP Support

487 maxirmum
f— -

, Braced wall panel Braced wall panel

/
/2" anchor boits per

/' braced wall panel
requirements
Bond beam with

’,'/1 #4 bar

/  #4 bar minimum:; field
bend 6" extension
into bond beam

, #4 Bar
- Bond beam

48" maximu

207 minimum
typ
Tall stem wall reinforcement

207 minimum
typ.-
Short stem wall reinforcement

6" minimum

maximum
bl U*{ Braced
Braced wall panel wall panel
Bond beam with Face brick
1 #4 bar opunonal

S/8” threaded rods may be
substituted for anchor
bolts and rebar

3" cover Minimum 2
cut washers
Optional stem wall reinforcement Typical stem wall section
Note: Grout bond beams and all cells that contain
rebar, threaded rods and anchor bolts

Masonry stem walls supporting braced wall panels

38



Simplitied Wall Bracing

. There shall be not more than three stories above the top of a conerete or mazsonry foundation or basement wall. Permanent wood foundations shall not be permitted.
1. Floors shall not cantilever more than 24 mehes (607 mm) beyond the foundation or bearing wall below.
3. Wall hesght shall not be greater than 10 feet (3042 mm).

4. The butlding shall have a roof eave-to-nidge height of 13 feet (4372 mm) or less.

3. Extertor walls shall have gypaum board with 2 minimugm thickness of 1.-': meh (12.7 mm) installed on the interior s1de fastened in accordance with Table R702.3.5.

6. The structure shall be located where the ultimate design wind speed i3 less than or equal to 130 mph (38 m's), and the exposure category 13 B or C.

1. The structure shall be located in Seismic Design Category A, B or C for detached one- and two-family dwellings or Seismic Design Category A or B for townhouses,

8. Cripple walls shall not be permitted in three-story buildings.

R602.12 39



Simplified

Wall Bracing

LOWNG SIDE

/

TYPICAL SEGMENTS OF — £
WALL BETWEEN CORNERS -

T CIRCUMSCRIBING RECTANGLE

FIRST FLOOR PLAN

SHORT SIDE —-‘

R602.12

LONG SIDE —-l

TYPICAL SEGMENTS OF —-'-{..
Wil L BETWEEN CORMERS

4— CIRCUMSCRIBING RECTANGLE

SECOND FLOOR PLAN

|

40



Simplified

Wall Bracing

TABLE RG02.12.4
MINIMURM NUMBER OF BRACING UNITS ON EACH SIDE OF THE CIRCUMSCRIBED RECTANGLE
MINIMUM HUMEER OF BRACING MINIMUM HUMBER OF BRACING
EAVE-TO-RIDGE UMITS OM EACH LONG SIDE™** UMITS OM EACH SHORT SIDE® **®
STORY LEVEL HEIGHT

ULTIMATE
DESIGN WIND

SPEED el Length of short side (feet)” Length of lang side [feet)”
[feet)

(mph]

R602.12.4
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Simplified

Wall Bracing

4FT —
BRACING
UNIT

MULTIPLE BRACING UNITS
EQUAL LENGTH DIVIDED BY 4

BRACING WITHAREAS BETWEEN

COVEREDWITH OTHER MATERIALS

CORNER

UNIT

MULTIPLE BRACING UMITEJ '
EQUAL LENGTH DIVIDED BY 3

BRACING UNITS WITH ALL FRAMED
PORTIONS OF WALL SHEATHED

R602.12.4
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Required Plan Review Information

» Scaled plans for wind bracing:
* Braced Wall Lines (BWLs) Identified
e Offsets in BWL compliant
* BWL Supports
* Braced Wall Line Spacing
e Compliance Path: Prescriptive or engineered or combination

* If Prescriptive,

* Bracing Method
* Intermittent or Continuous Sheathing, Mixed as allowed
* BWPs construction, length, location, etc.

* Determine Required Bracing Length (tabulated values)
e 7 potential adjustments

e Adjust Required Length

* |s Adjusted Required Length < Provided Length

* Contributing length of each panel

* BWP Locations

* BWP Connections

43



Resources

e IRC 2015 and Commentary
* A Guide to the 2015 IRC Wood Wall Bracing Provisions — APA/ICC
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Questions

* Model House Program

ermittingservices.montgomer

DPS/pdf/ProposedModelHouseProgram.pdf

* Website Redesign

Copyright 2017
Department of Permitting Services 45
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